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Introduction
The salt marshes near Łęczyca (Central Poland) are, on a global scale, unique natural brackish water habitats, where diatoms, typical of saline waters, are present. Inland habitats characterized by a high concentration of chloride ions have hardly been investigated. There are only a few locations in the world where diatom assemblages occur in inland salt waters. Saltwater inland ecosystems (athalassic ecosystems) are vulnerable to climate change, therefore the presence of halophilic diatom taxa at these sites may be exposed to dynamic changes (Veres et al. 1995) . The hot springs in Kenya and New Zealand are an example of habitats also characterized by an increased concentration of chloride ions, however, a very high temperature was the factor that had the greatest influence on the dynamics of diatom assemblages in these habitats (Owen et al. 2008) . Saltwater ecosystems, such as lakes and springs, located in coastal zones are significantly different from those located inland, because the water chemistry at these sites is strongly associated with the sea or ocean (Starmach 1969; Aboal et al. 1998; Novelo et al. 2007; Lutyńska 2008; Antón-Garrido et al. 2013) .
The first study of macro-and microflora at the salt marshes near Łęczyca was performed by Olaczek, and the results of these observations were presented in Olaczek (unpublished PhD thesis, 1963) . However, the data on the algal communities, and in particular the diatoms, were very scanty. A few years later, Pliński presented (unpublished MS thesis, 1966) an analysis of algological material from a spring and a pond located in the Pełczyska village. Part of the analysis concerning the diatom assemblages was published (Pliński 1969) .
The algological material collected by Pliński, deposited at the University of Łódź, Department of Algology and Mycology, and the data from Pliński (1969) were used for the verification and comparative analysis of the recently collected material in 2013 and 2014.
In the 1970s, a few papers concerning algal communities from the salt marshes near Łęczyca were published (Pliński 1971a , Pliński 1971b , Pliński 1971c Pliński 1973) . Twenty years later, the outflow of salt waters in the village of Pełczyska became a study site of Żelazna-Wieczorek who presented the results of algological analysis in Żelazna-Wieczorek (unpublished PhD thesis, 1996) . Żelazna-Wieczorek focused on the Vaucheria De Candolle (2002) genus, however, diatoms simultaneously collected with the Vaucheria samples have been recently verified according to modern taxonomy. The studies of diatoms from the outflow and the pond in Pełczyska were also performed by Rakowska (1997 Rakowska ( ) in 1972 Rakowska ( and 1995 . The results of Rakowska (1997) provide comparative material for the observation of changes in diatom assemblages occurring over 50 years in salt water habitats of Central Poland.
Long-term research on the diatom microflora from the athalassic habitats allowed the determination of qualitative and quantitative changes in diatom assemblages, on both temporal and spatial scales. The changes were associated with various levels of salinity, as well as anthropogenic transformations.
This paper presents the long-term changes which have been recorded in diatom assemblages from the athalassic habitats characterized by various levels of salinity, and verifies the tolerance of particular diatom taxa to salinity.
Study area
The study area is located in Pełczyska, a village next to the town of Łęczyca in the Łódź province (51°58 '35.68"N, 19°14'17.02"E) (Fig. 1 ). This area is located on the border of two large geological structures: the Kujawy anticlinorium and the Łódz synclinorium. The Kłodawsko-Łęczycka anticlinepart of the Kujawy anticlinorium, extends from the village of Solec Wielki, through the towns of Łęczyca and Błonie, towards the town of Kłodawa.
The Zechstein salt occurs in the core of the Kłodawsko-Łęczycka anticline. The structure of the anticline is asymmetric. Its eastern part has a gentle decline, while the western part is steep and intersected by faults. The Zechstein salt near Łęczyca is deposited at a depth of 1500 m, however, due to its location at the crossing of the Pełczyska faults, the water may drain the deposits and flow out in the Pełczyska area (Olaczek, unpublished PhD thesis, 1963) .
The genesis of the salt water outflows and the salt water marshes, which were the study area of many algological research projects, dates back to the late 18 th century. During this period, many boreholes were made in search of brine, and consequently a spontaneous salt water outflow in Pełczyska can be observed to this day. Next to the outflow, a pond was made, which accumulated the water discharged from the drilling (Olaczek, unpublished PhD thesis, 1963) . The morphology of the outflow in Pełczyska evolved over the decades. Since the 1960s, when the first study of the microflora of this habitat was carried out, the outflow was surrounded by a concrete slabs (Fig. 2) . In the 1990s, the concrete gradually degraded (Fig. 3) until the first decade of the 21 st century when the outflow was backfilled with a material of unknown composition (Fig. 4) (Pliński, unpublished MS thesis, 1966; Żelazna-Wieczorek, unpublished PhD thesis, 1996) .
The study area included three sampling sites. The first site was located at the backfilled outflow, the second one at the ditch through which the water flows from the outflow to the third sampling site, i.e. the pond (Fig. 5) .
Data on physical and chemical water analysis of the study area were obtained from Olaczek (unpublished PhD thesis, 1963), and Żelazna-Wieczorek (unpublished PhD thesis, 1996) . In recent studies (2013/2014) , the physical and chemical conditions of the water were analyzed at all sampling sites. All data are compiled in Table 1 . www.oandhs.ocean.ug.edu.pl Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 1 | MARCH 2015 © Fa c u l t y o f O ce a n o gr a p hy a n d G e o gr a p hy, U n i ve r s i t y o f G d a ń s k , Po l a n d. A l l r i g h t s re s e r ve d.
Materials and methods
A total of 15 samples collected by Pliński in 1964 Pliński in /1965 samples collected by Żelazna-Wieczorek in 1992 Żelazna-Wieczorek in /1994 , and 12 samples collected in 2013/2014 were used in the diatomological analysis (Table 2) . Diatoms from 1964/1965 were sampled from the outflow (4 samples), the area surrounding the outflow (6 samples), the ditch (2 samples) and the pond (3 samples). The material from 1992/1994 was sampled only from the outflow, while the recent samples, i.e. from 2013/2014, were collected from the outflow, the ditch and the pond (4 samples were collected from each site).
Benthic samples were collected by a pipette from the surface layer of the sediment. Samples were transferred into 125 ml containers and transported to a laboratory. Every sample was preserved with 4% formaldehyde solution. To obtain pure diatom frustules, the collected material was exposed to chemical purification according to Żelazna-Wieczorek (2011) . The purified diatom suspension was pipetted onto cover slips and left overnight at room temperature. Permanent microscopic slides were mounted in Naphrax® synthetic resin (refractive index 1.73). All samples and slides are deposited in the collection of the Department of Algology and Mycology, the University of Łódź.
Taxonomical analysis of the benthic diatoms was made by examining permanent slides under a light microscope (Nikon YS 100 and Nikon Eclipse E400) with 1000× magnification (planachromatic oilimmersion objective 100×/1.25). Five hundred valves were identified and counted in consecutive visible areas over half the width of the 20 mm × 20 mm cover glass. In addition, the slides were re-examined and taxa previously unidentified were added to the list. The percentage of taxa in each sample was calculated. Dominant taxa, with relative abundance above 10%, were determined.
The tolerance of particular taxa to salinity was determined according to the data obtained from OMNIDIA 5.3 computer software, and the following references: Krammer, Lange-Bertalot 1986; Krammer, Lange-Bertalot 1991a; Krammer, Lange-Bertalot 1991b; Krammer, Lange-Bertalot 1997; Krammer 1997a; Krammer 1997b; Krammer 2000; Witkowski et al. 2000; Lange-Bertalot 2001; Krammer 2003; Lange-Bertalot et al. 2003; Levkov 2009 , Hofmann et al. 2011 . Diatom taxa tolerance to salinity was classified on the basis of the sevengrade halobion system, introduced by Van der Werff and Hulls 1957 -1974 (Denys et al. 1983 ). This system was later used by Van Dam et al. 1994 to establish a reduced, four-grade system. However, the reduced halobion system does not include brackish-marine, marine-brackish and marine species (Denys et al. 1983 , Van Dam et al. 1994 (Table 3) .
Mathematical methods were used to compare the diatom assemblages, and to analyze both the diatom diversity and the relationship between diatom taxa distribution. The Bray-Curtis similarity index was used to determine the similarity between samples from different study periods and sampling sites (Żelazna-Wieczorek 2011) . Hierarchical Cluster analysis based on the Bray-Curtis similarity was Table 1 Physical and chemical parameters of water at the studied sites analyzed in: 1962 (Olaczek, unpublished PhD thesis, 1963 ), 1994 (Żelazna-Wieczorek 2002 © Fa c u l t y o f O ce a n o gr a p hy a n d G e o gr a p hy, U n i ve r s i t y o f G d a ń s k , Po l a n d. A l l r i g h t s re s e r ve d.
used to determine whether the groupings are more dependent on the temporal relationships between diatom taxa in particular periods of time (Żelazna-Wieczorek 2011) . To analyze the spatial and temporal relationships between diatom taxa in particular habitats, the multidimensional scaling procedure (Multi-Dimensional-Scaling -MDS) based on the Bray-Curtis similarity (Żelazna-Wieczorek 2011) was used. The PRIMER 6.1.10 software was used for the calculations.
Results
The qualitative analysis of 30 samples revealed the presence of 179 diatom taxa from 49 genera. The most numerous genera were Navicula (30 taxa) and Nitzschia (26 taxa). Species characteristic of saline waters were identified within Navicula: Navicula cincta (Ehrenberg) Ralfs (Fig. 6 D1-D5) , N. digitoconvergens Lange-Bertalot (Fig. 6 C1-C5) , N. meulemansii Mertens, , N. peregrina (Ehrenberg) Kützing, N. rhynchotella Lange-Bertalot (Fig. 6 G1-G2) , N. salinarum Grunow (Fig. 6 H1-H3) , N. salinicola Hustedt (Fig. 6 B1-B4 ). Nitzschia was represented by: Nitzschia commutata Grunow, N. constricta (Kützing) Ralfs, N. liebetruthii Rabenhorst, N. nana Grunow (Fig. 7 G) , N. vitrea Norman, N. vitrea var. salinarum Grunow (Fig. 7 F) . Halamphora was also taxonomically rich and represented by 10 taxa, including: Halamphora acutiuscula (Kützing) Levkov ( Fig. 8 B1-B3 ), H. borealis (Kützing) Levkov ( Fig. 8 F1-F7 
Of the nine Fragilaria taxa, Fragilaria famelica (Kützing) Lange-Bertalot (Fig. 9 B1-B9) , and F. sopotensis Witkowski & Lange-Bertalot were most abundant ( Fig. 9 A1-A7 ). The Gomphonema was represented by 8 taxa, including Gomphonema italicum Kützing and G. utae Lange-Bertalot & Reichardt. Surirella was represented by Surirella ovalis Brébisson (Fig. 7 M) , S. striatula Turpin, and S. venusta Østrup (Fig. 7 I1-I2 ). Planothidium was represented by 5 species, including e.g. Planothidium delicatulum (Kützing) Round & Bukhtiyarova (Fig. 9 G1-G4 ), P. engelbrechtii (Cholnoky) Round & Bukhtiyarova and P. pericavum (Carter) LangeBertalot (Fig. 9 F1-F6 Table 2 The total number of samples and the number of samples for each study period and study site; in addition, data from references are provided Table 3 The halobion system according to Van Dam et al. 1994 and Van der Werff and Huls 1957 -1974 (Denys et al. 1983 ) and corresponding ranges of chloride ions and salinity Van Dam et al. 1994 Van © Fa c u l t y o f O ce a n o gr a p hy a n d G e o gr a p hy, U n i ve r s i t y o f G d a ń s k , Po l a n d. A l l r i g h t s re s e r ve d. A1-A9. Craticula halophila, B1-B4. Navicula salinicola, C1-C5. Navicula digitoconvergens, D1-D5. Navicula cincta, E1-E5.
Navicula meulemansii, F1-F3. Staurophora salina, G1-G2. Navicula rhynchotella, H1-H3. Navicula salinarum. Scale bar =
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L1-L2
). Among those identified ones, some taxa apparently represented brackish water forms, e.g. Achnanthes brevipes Agardh (Fig. 9 D1-D6 ), Amphora commutata Grunow (Fig. 8 H1-H4) , Anomoeoneis sphaerophora f. sculpta (Ehrenberg) A. Schmidt, Denticula subtilis Grunow (Fig. 7 H1-H5 ), Diploneis interrupta (Kützing) Cleve (Fig. 8 I1-I2 ), D. cf. krammeri (Fig. 7 K) , Entomoneis paludosa (W. Smith) Reimer, Frustulia creuzburgensis (Krasske) Hustedt (Fig. 7 C) , Mastogloia elliptica (Agardh) Cleve, M. smithii Thwaites ex W. Smith, Navicymbula pusilla (Grunow) Krammer ( Fig. 9 H1-H4), Navicula kefvingensis (Ehrenberg) Kützing, Nitzschia scalpelliformis Grunow (Fig. 7 E) , N. sigma (Kützing) W. Smith (Fig. 7 D1-D2 ), Opephora mutabilis (Grunow) Sabbe & Wyverman (Fig. 9 E) , Parlibellus protracta (Grunow) Witkowski, LangeBertalot & Metzeltin (Fig. 7 J1-J5 ) and Staurophora salina (W. Smith) Mereschkowsky (Fig. 6 F1-F3) . A total of 129 taxa were identified in the samples collected in 1964/1965, only 79 taxa in 1992/1994 , and 141 taxa in the samples collected recently (in 2013/2014) ( Table 2) .
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studied sites increased from 129 to 141, and the biggest change was observed in the outflow area. The ditch was the least dynamic site in terms of the number of diatom taxa ( Table 2 ). The contribution of certain diatom species in assemblages significantly changed over the years. Among the dominant species, the percentage of Craticula halophila (Grunow) D.G. Mann (Fig. 6  A1-A9) , i.e. 50% in the outflow in 1964/1965, clearly decreased in 1992/1994 and 2013/2014 (Fig. 10 A) . Ctenophora pulchella (Ralfs ex Kützing) Williams & Round (Fig. 9 C) was present in only a few samples, however, the percentage of this species exceeded 20% (Fig. 10 B) . Fragilaria famelica was a typical species of the outflow and the area surrounding the outflow. This species was recorded at the study sites, both in 1964/1965 (85% contribution) and in 2013/2014 (Fig. 10 C) . Fragilaria sopotensis (33% relative abundance) was the characteristic species of the pond. It also occurred in the ditch, but with a low percentage -below 5% (Fig. 10 D) . In the case of Navicula veneta Kützing (Fig. 7 B1-B4 ), the percentage of this species in the outflow and in the ditch samples gradually increased from 1964/1965 to 2013/2014 (Fig. 10 E) . Planothidium delicatulum occurred mainly in the outflow in 1992/1994 with a relative abundance exceeding 40% (Fig. 10 F) . Chamaepinnularia krookiformis (Krammer) LangeBertalot & Krammer occurred mainly in the ditch. In the samples from 1964/1965, its abundance was low, while in the samples from 2013/2014, the percentage of this species clearly increased (Fig.  11 A) . Halamphora sydowii was recorded mainly in the outflow and in the area surrounding the outflow. During the study period, the percentage of the species gradually decreased. In 1964/1965, the contribution exceeded 10%, while in 1992/1994 it decreased below 3%. Recently the species was not recorded (Fig. 11 B) . Hippodonta hungarica (Grunow) Lange-Bertalot, Metzeltin & Witkowski ( Fig. 7 A1-A7 ) was recorded in the samples from 1964/1965 at all sites except the ditch. In 2013/2014, the percentage of the species decreased in the outflow, and increased in the pond (Fig. 11 C) . Navicula cincta was recorded mainly in the area surrounding the outflow in the samples from 1964/1965, with the relative abundance not exceeding 10%. In 2013/2014, this species was recorded only in the pond, with relative abundance exceeding 10% (Fig. 11 D) . The change in the percentage at the study sites was also evident in the case of Navicula salinarum. This species was recorded mainly in the outflow and in the area surrounding the outflow in 1964 /1965 /2014 , the percentage of N. salinarum decreased in the outflow and increased in the pond (Fig. 11 E) . Tabularia fasciculata (Agardh) Williams & Round was recorded mainly in the outflow and in the area surrounding the outflow. The highest abundance of the species (28%) was recorded in the outflow samples from 1994 (Fig. 11 F) .
The Bray-Curtis similarity index was used to determine the similarity between diatom assemblages in samples from different study periods, and the results are presented in Figure 12 I) . The diatom assemblages from the pond samples collected in 1964/1965 were very specific; the similarity of these samples to others was less than 15%. The separate position of samples from the pond was also confirmed by the MDS analysis, which was conducted to determine the similarity of samples based on the study sites (Fig. 13) . The samples collected from the pond were a group separated from the others, while samples collected from the outflow and the ditch in 2013/2014 were very similar.
On the basis of the diatom classification with respect to the salinity, according to the sevengrade halobion system of Van der Werff and Hulls 1957-1974 (Table 3) , the following taxa were most abundant in terms of the number of taxa: 2 -freshbrackish, 3 -brackish-fresh and 4 -brackish. The least numerous were: 5 -brackish-marine, 6 -marine brackish, and 7 -marine (Fig. 14) . However, taking into consideration the percentage of particular taxa at each study site, taxa from the 4 th category were most abundant in the outflow, and taxa from the 3 rd and the 2 nd category were less abundant ( Fig. 15 A) ; in the pond − taxa from the 2 nd category were most abundant and taxa from the 3 rd category were less abundant (Fig. 15 B) .
Discussion
The spatial and temporal variability of diatom assemblages observed in the athalassic habitats is associated with different concentrations of chlorides and direct/indirect human impact, such as agricultural use of the surrounding area and backfilling of the depression. The differences in the similarity of diatom assemblages, observed in samples collected from the pond in all study periods,
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The relative abundance (%) of diatom species in the studied samples
Fig. 12
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result from the lower concentration of chlorides in the pond compared with other study sites. In 2013/2014, when the outflow was backfilled with a substrate, the environmental conditions became similar in relation to salinity in the outflow and in the ditch. This caused the change in the structure of diatom assemblages, which in 2013/2014 were characterized by a high degree of similarity.
The identified diatom taxa were classified according to their tolerance to salinity, taking into consideration the isolation of the study sites from marine habitats. The halobion system of Van Dam et al. (1994) , which comprises four categories of diatom taxa sensitive to salinity, and occurring in waters with the maximum concentration of chloridesaround 5000 mg l -1 , is commonly used for freshwater inland ecosystems. However, it was necessary to apply the halobion system of Van der Werff and Huls 1957-1974 , which also includes marine species. This system includes seven categories. The 7 th category contains diatom taxa which occur in waters where the concentration of chlorides exceeds 17000 mg l -1 . These species are defined as typical marine forms (Table 3) (Denys et al. 1983 ). Based on the halobion system of Van der Werff and Huls 1957-1974 , Halamphora tenerrima belongs to the 7 th category and may be classified as a marine species (Clavero et al. 2000; Levkov 2009 ).
Two species were classified as marine-brackish (the 6 th category): Parlibellus crucicula (W. Smith) Witkowski, Lange-Bertalot & Metzeltin and Staurophora salina. Those species are widespread in the North Sea, and they also occur in the Baltic Sea (Witkowski et al. 2000) . Both species rarely occurred in the outflow (samples from 1992/1994) and in the area near the outflow (samples from 1964/1965), where the concentration of chlorides ranged between 2500 and 3000 mg l -1 . According to the references, three additional taxa may be classified as marinebrackish: Halamphora dominici, H. subsalina (Cleve) Levkov (Levkov 2009 ) and Tabularia tabulata (Agardh) Snoeijs (Krammer, Lange-Bertalot 1991a) .
Three species were classified as brackish-marine (5 th category): Achnanthes brevipes, Navicula perminuta Grunow, and Opephora mutabilis. The first species occurred mainly in the ditch and in the pond in the samples from 1964/1965, while in the recent studies, it occurred mainly in the outflow. N. perminuta and O. mutabilis were present mainly in the samples from 1992/1994. These species occurred in habitats which, according to the concentration of chloride, may be classified as brackish (the 4 th category). Moreover, three species according to the references may also be classified as brackishmarine: Navicula digitoconvergens, N. hanseatica Lange-Bert. & Stachura (Lange-Bertalot 2001) and The number of diatom taxa in each category of the seven-grade halobion system of Van der Werff and Huls (1957-1974) (Denys et al. 1983) , with the system of Van Dam et al. 1994 taken into account (dark bars). The classification was based on the OMNIDIA 5.3 software and the references
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N. meulemansii (Mertens et al. 2014 ) .
At the studied sites, 20 species were classified as brackish (the 4 th category) and over 30 species as brackish-freshwater (the 3 rd category). The changes in the concentration of chloride ions over the 50 years at the study sites could be the cause of the qualitative and the quantitative changes in the diatom assemblages (Table 1 ). In 1962, the chlorides in the outflow amounted to 2560 mg l -1 (Olaczek, unpublished PhD thesis, 1963 ), while in 1992 /1994 , it increased to 3000 mg l -1 (Żelazna-Wieczorek 2002), and in 2014, it greatly decreased to 1585 mg l -1 . In the outflow, an increase in the concentration of orthophosphate ions was also observed. Along with changes in the water chemistry, significant changes in the percentage abundance of some species were observed.
Craticula halophila, considered as a brackish species according to the halobion system of Van der Werff and Huls 1957-1974 , was observed in large numbers in the outflow in the period of 1964/1965, while in 2013/2014 , it occurred in small numbers. A similar pattern was observed in the case of Fragilaria famelica (fresh-brackish) and Halamphora sydowii. These species were observed mainly in the area near the outflow (1964/1965) and recently they have been sporadically recorded in the outflow. Due to the apparent disappearance of the above species from the described habitats where the concentration of chloride ions decreased, we propose a change in the classification of the halobion system of Van Dam et al. 1994 concerning these species. For Fragilaria famelica, we suggest a transfer from the 2 nd to the 3 rd category. This species was recorded inter alia in alkaline waters with high mineralization in Mexico (Novelo et al. 2007 ) and fresh to brackish waters of Spanish lakes (Antón-Garrido et al. 2013) . For Halamphora sydowii, we recommend the 4 th category. This species were also recorded in the brackish waters (Levkov 2009 ) and in the coastal Spanish lakes (Antón-Garrido et al. 2013) .
Hippodonta hungarica is a widespread species, however, it prefers waters with high conductivity, which is typical of the study sites. The tolerance range to the chloride concentration of H. hungarica is rather broad (Lange-Bertalot 2001; Pavlov et al. 2013) . This species was recorded in the outflow and in the area surrounding the outflow in 1964/1965. Recently, it has been recorded mainly in the pond. According to the halobion system of Van der Werff and Huls 1957-1974 , this species belongs to the 2 nd category, which corresponds to diatoms preferring water with a chloride concentration between 100 and 500 mg l -1 . In the samples from 1964/1965, however, the chloride concentration was five times higher than the upper limit of the 2 nd category. Pliński (1969) and Rakowska (1997) published information about the number of taxa identified at each study site in different periods of the study conducted in Pełczyska (Table 2) . Part of the samples, collected and published by Pliński (1969) , were reanalyzed. Pliński (1969) provides information about 62 taxa identified in all samples, with the highest taxonomic diversity recorded in the outflow. During the re-examination of Piliński's material, 129 taxa were identified, with the highest diversity in the area surrounding the outflow. These differences result from the methods of taxonomic investigation. Presently, the examination is based on the scanning electron microscopy. SEM allows the verification and the description of new taxonomic units among the diatom taxa. Pliński (1969) and Rakowska (1997) identified the Amphora coffeaeformis Agardh (syn. Halamphora coffeaeformis (Agardh) Levkov) , however, the current taxonomic analysis with the use of SEM did not confirm the presence of this species. Instead, Halamphora sydowii was recorded, which might have been previously identified as Halamphora coffeaeformis (Archibald, Schoeman 1984) . Because of the similarity of Halamphora tenerrima to other taxa from the Halamphora genus, it could be misidentified (Clavero et al. 2000; Levkov 2009 ). This species was recorded mainly in marine waters (Clavero et al. 2000; Levkov 2009 ), inter alia in the Gulf of Mexico (Felder, Camp 2009 ).
In the pond, three species of the Halamphora genus were recorded: Halamphora veneta, Halamphora paraveneta and Halamphora dominici. In the previous studies, they were all identified as Amphora veneta Kützing (Lange-Bertalot et al. 2003; Levkov 2009 ). Halamphora veneta is widespread and is noted in many locations around the world (Sala et al. 1998; Żelazna-Wieczorek 2011; Lange-Bertalot et al. 2003; Potapova et al. 2004; Wachnicka, Gaiser 2007; Levkov 2009 ). Most likely in previous publications by Pliński (1969) and Rakowska (1997) , the species recorded as Amphora veneta included also Halamphora veneta, H. paraventa, and H. dominici. H. veneta and H. paraveneta , which occur in fresh and slightly brackish waters, can be distinguished based on the valve size range (Lange-Bertalot et al. 2003) . Halamphora dominici prefers inland saline and marine waters, and its valves are characterized by a higher density of striae (Levkov 2009) In the studied material, Navicula meulemansi was www.oandhs.ocean.ug.edu.pl Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 1 | MARCH 2015 © Fa c u l t y o f O ce a n o gr a p hy a n d G e o gr a p hy, U n i ve r s i t y o f G d a ń s k , Po l a n d. A l l r i g h t s re s e r ve d.
recorded in the periods of 1964/1965 and 2013/2014 . This species was described in 2014 by Mertens et al. 2014 , and it might have been previously identified as the Navicula species. Fragilaria sopotensis has a similar morphology to Pseudostaurosira cataractarum (Hustedt) Wetzel, Morales & Ector, and both species can be confused with each other. P. cataractarum has shorter striae and a wider central area (Wetzel et al. 2013) . Fragilaria sopotensis was recorded in the Mediterranean Sea (Witkowski et al. 2000) , the Baltic Sea, and in the costal lakes and marshes of the Baltic region (Witkowski, Lange-Bertalot 1993; Witkowski et al. 2000; Lutyńska 2008) . During the presented research, the species occurred mainly in the pond in the period of 1964/1965, which may suggest that the species prefers low concentrations of chlorides (to 2500 mg l -1
). However, due to lack of data concerning the chloride ion concentration in the pond, we are not able to assess the upper limit of this factor, which would represent the maximum for the species' tolerance and occurrence in the studied habitats.
The long-term research conducted in the athalassic habitats in the village of Pełczyska, varied in terms of hydromorphology (various types of habitats) and hydrochemistry (varying range of salinity), allowed the accurate analysis of spatial and temporal changes in diatom assemblages under different salinity levels. The analysis of changes occurring over time in different types of habitats whose conditions are determined by one predominant factor, is essential for the determination of the species' requirements and tolerance range towards the environmental factor.
